We show how zinc may easily be quantified in serum by first using an optimum concentration of guanidine hydrochloride to cause release of zinc from proteins, followed by complexation of released metals with cyanide. The cyanide complex of zinc is preferentially demasked with chloral hydrate, followed by a colorimetric reaction between zinc and 4-(2-pyridylazo)resorcinol. This is a sensitive water-soluble ligand; its complex with zinc has an absorption maximum at 497 nm. Values found by this technique compare favorably with those obtained by atomic absorption spectroscopy.
Investigation into the function of elements present in minute amounts in tissues has been hampered by insensitive quantitative methods. With the advent of such techniques as atomic absorption spectroscopy in the mid-1950's, it became possible to study the biological role of certain trace elements (1) . To date, zinc, manganese, copper, iron, cobalt, selenium, molybdenum, and chromium comprise the list of essential trace elements identified in all types of living organisms. Present evidence suggests that deficiency of any one of these is associated with a syndrome or segiesof pathological changes reflecting structural and thus, presumably, underlying physiological, biochemical, and metabolic disturbances. Subsequent administration of the missing element results in partial or complete remission of the deficiency signs, depending upon the degree and nature of the cellular damage associated with the deficiency state.
Earlier colorimetric methods for serum zinc analysis often employed chromogens that were too insensitive or required surfactants to solubilize the ligand (2) (3) (4) . The use of 4-(2-pyridylazo)resorcinol as a sensitive chromogenic reagent for the analysis of zinc and other metals was recently reported by Watkins et al. 3 We have utilized this sensitivity along with a non-precipitation technique of rapid metal release from certain proteins by guanidine hydrochloride to effect a method of analyzing for serum zinc that is rapid, reliable, and simple to use (5 
Materials and Methods

Reagents
All reagents are prepared in metal-free water. Water is made metal free by passing tap water through a cotton prefilter followed by filtration through activated charcoal and subsequently by filtration through a separate and then a mixed-bed ion-exchange resin (Continental Water Corp., Bladensburg, Md. 20710). The water is transported through polyvinyl chloride tubing. The final purity (7-13 MQ) is checked with a water-purity meter (Beckman Instruments, Inc., Fullerton, Calif. 92634).
Stock zinc standard. This is a 1000 mg/liter solution of zinc as zincoxide dissolved in dilute nitric acid (Fisher Scientific Co., Fairlawn, N. J. 17410).
Working zinc standard.
Dilute the stock standard 500-fold 
Results and Discussion
X 2 = Zn, mg/liter
Zinc is an ubiquitous element and care should be taken in sample collection to eliminate inadvertent contamination. The specimens should not be allowed to come into contact with glass or rubber stoppers. It is advisable to collect the specimens in metal-free plastic syringes and store in plastic test tubes. When the specimens are stored frozen in plastic tubes, the apparent serum zinc content does not change appreciably during several months.
Certain pyridylazo compounds of the resorcinol and naphthol derivatives are sensitive chromogenic reagents for the analysis of zinc and many other metals (6). 4 -(2-Pyridylazo)resorcinol is not specific for zinc, so one must eliminate interference by other metal ions. Cyanide effectively complexes many metals (7). Chloral hydrate effectively releases zinc from its cyanide complex, making it available for reaction with 4-(2-pyridylazo)resorcinoL Under the reaction conditions listed above, the cyanide complexes of other metals remain unchanged.
We found that the zinc ligand complex is essentially completely formed within 5 mm after the addition of chloral hydrate and remains unchanged for the next 15 mm, during which time the instrument reading should be made. This is ample time for the analyst to perform multiple analyses without loss of sensitivity because of a decrease in color intensity. water. A stock solution of serum was prepared by enriching serum to 0.20 mg of added manganese per liter. Working solutions in concentrations ranging from 0 to 0.20mg of added manganese per liter were prepared by diluting the serum stock with unsupplemented serum. The reported range of plasma manganese is 2.7 to 70 tg/liter (10) . Table 3 shows that manganese begins to interfere significantly only at concentrations much greater than those found in the normal population. Zinc may easily be measured in serum by first effecting its release from proteins by use of an optimum concentration of guanidine hydrochloride. Zinc and other metal ions that may interfere with the colorimetric analysis are bound as cyanide complexes, and the zinc ions are then preferentially demasked by use of the chloral hydrate, which permits a colorimetric reaction with the chromogen. The 4-(2-pyridylazo)resorcinol, in addition to its sensitivity, has the advantage of being water soluble, thus obviating the need for surfactants or other solubilizing reagents.
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We evaluated within-day and day-to-day Table 1 . The xanthochromia produced by excess bilirubin was evaluated to determine if it had any adverse effect on the absorbance of the zinc-4-(2-pyridylazo)resorcinol complex. Bilirubin was dissolved in 0.1 mol/liter sodium carbonate and added to serum to produce concentrations of 10 to 100 mg/ liter. The data in Table 2 show that there is no significant interference from bilirubin.
We similarly evaluated the effect of hemoglobin on the analysis for serum zinc by this technique. The zinc content of the erythrocyte is several orders of magnitude greater than that of serum (9) . Hemoglobin was prepared according to the method of Crosby et al. (10) and added to serum. As indicated in Table 2 , added hemoglobin up to 200 mg/liter does not significantly interfere with this technique.
We studied the effect that manganese may have on this procedure as follows. A stock standard solution of manganese metal (Alfa Div., Ventron Corp., Danvers, Mass. 01923) was prepared by dissolving 10 mg of the metal in 0.5 ml of 6 mol/ liter HC1 and dilutingthismixture to 0.1 liter with metal-free
